INTRODUCTION
============

The prevalence of obesity is on the rise globally. It affected fewer than 10% of the general population in many countries before 1980, but today nearly half the people in many countries are overweight and 20-30% of those living in the member countries of the Organisation for Economic Co-operation and Development (OECD) are obese \[[@B1]\]. Similarly, obesity in pediatric and adolescent populations in Korea was more prevalent in the middle 2000s than it was in the late 1990s \[[@B2]\].

Obesity can cause hyperlipidemia, cardiovascular diseases, metabolic syndrome and non-alcoholic fatty liver disease (NAFLD). Obesity and associated chronic disorders that develop during childhood also can persist into adulthood \[[@B3]\]. There are thus many concerns about the public health impact of childhood obesity and its clinical consequences \[[@B4]\]. The prevalence of childhood obesity and associated metabolic disorders has been increasing in Korea \[[@B5],[@B6]\].

Obesity develops primarily because energy intake exceeds energy expenditure, and many environmental and host factors interact in complex ways to contribute to its development \[[@B7]\]. Several genes contribute to weight gain by controlling appetite, energy expenditure and metabolism, but can only partially account for the development of obesity. Overall, the known contributing factors are limited in their ability to explain the rising prevalence of obesity \[[@B7]\].

A large number of microorganisms, collectively known as the \"gut microbiota\", live in the human intestine and their metabolic activities affect both the absorption of nutrients and energy homeostasis \[[@B8]\]. Many recent studies have reported that changes in the composition of the gut microbiota contribute to control of weight gain, development of obesity and related metabolic disorders \[[@B4],[@B9]-[@B11]\]. This review discusses the relationships of the gut microbiota to obesity and NAFLD, and their proposed mechanisms.

GUT MICROBIOTA
==============

There are more than 2,000 species of commensal bacteria, including anaerobes, within the adult human gut. The vast majority is in the large intestine, amount to about 10^14^ in number, and weigh about 1.5 kg \[[@B12]\]. The gut microbiota and humans have a mutualistic relationship. The bacteria obtain nutrients within the protected anoxic microenvironment of the human intestine. The host obtains vitamin K, benefits from the preservation and repair of the intestinal wall by the resident microbes, and gains carbon and energy that would otherwise not be available \[[@B13]\].

The fetal intestine is sterile. Microorganisms are introduced into the human gut after birth, and the microbial composition of the microbiota varies with delivery methods, feeding (i.e., breast vs. bottle), infant care environment and antibiotic use \[[@B14]\]. Our knowledge of the composition of the adult gut microbiota derives from microbial culture studies, but conventional culture techniques detect only a small number of the species of intestinal bacteria \[[@B15]\]. More recently, the diversity of gut microbiota has been revealed by genetic or metagenomic studies \[[@B16]\]. Metagenomic analysis and 16S ribosomal RNA gene sequencing, which is specific for prokaryotic ribosomes, have shown that *Firmicutes*, *Bacteroidetes*, *Actinobacteria* and *Proteobacteria* are the predominant bacterial phyla among the intestinal bacteria in adults \[[@B17],[@B18]\]. Changes in the composition of the diverse gut microbiota (dysbiosis) are associated with several clinical conditions, including obesity, autoimmune diseases, and allergies \[[@B14]\].

GUT MICROBIOTA AND OBESITY
==========================

Ley et al. \[[@B19]\] found, using 16S rRNA gene detection and analysis, that *ob/ob* mice had a 50% reduction in abundance of *Bacteroidetes* and a proportional increase in *Firmucutes* bacteria compared to lean sibling mice from C57BL/6J *ob*/+ mothers. As both groups of animals had been fed the same diet, the results indicated that obesity could affect the diversity of the gut microbiota. Obese human twins also have different gut microbiota composition compared to their lean twin, including reduced microbiological diversity and reduced levels of Bacteroidetes \[[@B20]\]. There are many animal and human studies of the relationships between gut microbial ecology and obesity or body weight \[[@B1],[@B21]\]. Most have shown diverse changes in gut microbial composition with obesity, including a high ratio of *Firmucutes* to *Bacteroidetes*, known as an obese microbiota, which increases along with body weight or obesity. Obese children already have different gut microbiota compared to lean children \[[@B22]-[@B24]\]. This has led to suggestions that the composition of gut microbiota during early childhood is a predictor of obesity in later life, and that early modulation of the gut microbiota might prevent obesity \[[@B25],[@B26]\]. How does the gut microbiota affect obesity?

First, the obese gut microbiota increases both the capacity to harvest energy from the diet and the accumulation of fat in adipose tissue and the liver by altering host metabolism. Studies in germ-free and conventionalized mice revealed that the microbiota promoted absorption of monosaccharides from the gut lumen and adipocyte hypertrophy by suppressing fasting-induced adipocyte factor (Fiaf) in the intestine, and suggest that the gut microbiota is an important environmental factor that affects energy harvest from the diet and energy storage in the host \[[@B13],[@B27]\]. Germ-free mice were protected from diet-induced obesity by increased AMP-activated protein kinase (AMPK) activity. In conventionalized mice fed a high-fat, high sugar western diet, the gut microbiota suppressed AMPK activity in the gastrocnemius muscle and the liver \[[@B28]\]. Turnbaugh et al. \[[@B29]\] reported that the obese microbiome (i.e., the combined obese microbiota, their genetic elements and environmental interactions) has an increased capacity for dietary energy harvest because it is enriched in environmental gene tags encoding many enzymes involved in breaking down usually indigestible dietary polysaccharides.

Second, the gut microbiota regulates entero-endocrine cells, promoting the release of several gut hormones \[[@B30]-[@B33]\]. Gut microbiota-mediated increase in adiposity was blunted in conventionally raised G protein-coupled receptor 41 (*Gpr41*) deficient mice \[[@B30]\]. Gpr41 is a receptor for the binding of short chain fatty acids produced by fermentation of polysaccharides by gut microbes. According to Samuel et al. \[[@B30]\], expression of peptide YY (PYY) was lower in both *Gpr41*-deficient germ-free and conventionalized mice than in *Gpr41* intact mice. Reduced expression of PYY resulted in increased intestinal transit time and reduced dietary energy harvest. Dietary fructo-oligo-saccharides increased the proportion of bifidobacteria in the distal intestine, leading to increased colonic fermentation and glucagon-like peptide 1 (GLP1) levels, and decreased food intake, fat mass, and hepatic steatosis \[[@B31]-[@B33]\].

Third, obese gut microbiota seem to provoke chronic low-grade inflammation in the host gut \[[@B34]-[@B36]\]. Chronic experimental metabolic endotoxemia-induced obesity, diabetes, and liver insulin resistance triggered the expression of inflammatory factors similar to those associated with a high-fat diet by a CD14-dependent mechanism \[[@B34]\]. According to de La Serre et al. \[[@B35]\], obesity in rats induced by a high-fat diet changed the gut microbiota and increased toll-like receptor 4 (TLR4) activation. They hypothesized that the activated TLR4 provoked gastrointestinal inflammation that was associated with the appearance of hyperphagia and an obese phenotype.

As the recent studies indicate, obesity and diet could be associated with altered gut microbiota characterized by a high *Firmucutes* to *Bacteroidetes* ratio and a dramatic fall in overall microbial diversity \[[@B37]\]. The altered gut microbiota could, in turn, alter the host metabolic potential. Therefore, the gut microbiota might contribute to obesity through increases in the harvest of energy from diet, gut permeability, and fat deposition in adipose tissue and the liver.

GUT MICROBIOTA AND NON-ALCOHOLIC FATTY LIVER DISEASE
====================================================

NAFLD is a multifactorial disease, the incidence of which is increasing, and the underlying mechanisms are incompletely understood. Various genetic, metabolic, inflammatory and environmental factors are thought to contribute to its pathogenesis \[[@B10]\]. Many recent human and animal studies have investigated possible relationships between the gut microbiota and NAFLD \[[@B27],[@B34],[@B38]-[@B43]\]. Animal studies suggest that the gut microbiota can initiate hepatic steatosis through an increase in monosaccharide absorption \[[@B27]\], bacterial hepatotoxic bioproducts \[[@B38]\], chronic low-grade metabolic inflammatory reactions \[[@B34],[@B39]\], and modulation of bile acid metabolism \[[@B40]\].

The gut microbiota influences body fat deposition as an environmental factor \[[@B27]\]. Bäckhed et al. \[[@B27]\] reported that conventionalized mice had higher liver triglyceride contents than germ-free mice. In that study, the microbiota were associated with higher monosaccharide absorption from the intestinal lumen, promoting *de novo* fatty acid synthesis and triglyceride production, as confirmed by increased activity of acetyl-CoA carboxylase and fatty acid synthase. Synthesis of bacterial bioproducts, including ethanol, is increased in obese mice and may be involved in the pathogenesis of fatty liver disease \[[@B38]\]. As with obesity, chronic metabolic inflammatory reactions associated with CD14-dependent mechanisms, TLR4 signaling and hepatic Kuppfer cell activation seem to contribute to the pathogenesis of NAFLD \[[@B34],[@B39]\].

Gut microbiota can also modulate bile acid metabolism. Swann et al. \[[@B40]\] reported that the microbiota can indirectly promote hepatic steatosis and lipoperoxidation through farnesoid X receptor stimulation changes in bile acid secretion.

Several human studies have also reported that gut microbiota contributed to NAFLD pathogenesis \[[@B41]-[@B43]\] and that bacterial overgrowth in obese patients was associated with hepatic steatosis \[[@B41]\]. Miele et al. \[[@B42]\] reported that NAFLD in humans was associated with increased gut permeability related to bacterial overgrowth in the small bowel and disruption of intestinal mucosa intercellular tight junctions. Consequently, small intestinal bacterial overgrowth in human NAFLD might contribute to hepatic fat deposition through increased intestinal permeability caused by disrupted intestinal tight junctions. Finally, as in NAFLD studies in animals, chronic endotoxemia in humans has been associated with the severity of NAFLD \[[@B43]\].

The available evidences show that bacterial proliferation and increased intestinal permeability contribute to the development of NAFLD through hepatotoxic bioproducts, modulation of bile acid metabolism, and chronic metabolic endotoxemia with involvement of bacterial lipopolysaccharide, CD14, TLR4 and Kuppfer cell-dependent mechanisms.

CONCLUSION
==========

Obese subjects have a specific intestinal microbiota, which can harvest energy from the diet more effectively with greater synthesis of fatty acid by peripheral adipose tissue and the liver through several pathways ([Fig. 1](#F1){ref-type="fig"}). Modulation of gut microbiota has been suggested as a treatment for obesity and NAFLD, using probiotics, prebiotics and synbiotics \[[@B45]\], but this needs further study.
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